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CHAPTER 1: INTRODUCTION
Cigarette smoking is attributed to one in five deaths in the United States each
year, causing more than 480,000 deaths annually, including deaths from secondhand
smoke.(US Department of Health and Human Services, 2014) Since the recognition of
harmful effects of cigarette smoking on health beginning in the 1950’s, followed by the
1964 US Surgeon General report, there has been enormous progress made in reducing
the prevalence of smoking, from 42.4% in 1965 to about 15.5% in 2016.(Centers for
Disease Control, 2013; Jamal et al., 2018) Despite this remarkable decline in smoking
prevalence in response to tobacco control efforts, there still remains a substantial
portion of people, more than 50 million, that continue to smoke.
It is known that there are more than 7000 chemicals in tobacco cigarette smoke,
predominantly carcinogens and toxicants responsible for smoking related morbidity and
mortality.(Rodgman & Perfetti, 2008) In response to the evidence of such harms from
tobacco smoke, the tobacco control policies have also started focusing on lessening of
harmful effects of tobacco, through reducing the exposure to the toxicants and
carcinogens, in addition to efforts to reduce smoking initiation and increase
cessation.(Le Houezec, McNeill, & Britton, 2011) Increasing scientific evidence of harm
also led the tobacco industry to introduce what are referred to as potentially reduced
exposure products (PREP) in the market which were being promoted as less harmful
alternatives to tobacco cigarettes. (Pederson & Nelson, 2007) These products include
modified devices that heat tobacco instead of burning it, as well as certain other
smokeless tobacco products such as chewable tobacco packets and lozenges. Since they
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were first launched, the PREPs have become subjects of great debate in the tobacco
control field regarding their usefulness for harm reduction among smokers who
continue to smoke and as cessation aid for the smokers who want to quit.(Lindson‐
Hawley et al., 2016; Pederson & Nelson, 2007) As research continues and scientific
evidence is gathered, little is known about the determinants of the use of these
products. It is important to know who uses these products and what factors drive them
to their use. The first aim of this dissertation research was to examine the
sociodemographic and smoking-related determinants of the use of PREPs among
current smokers in the United States.
Although there is a lack of definitive evidence with regard to harm reduction and
cessation capabilities of PREPs, there have been certain findings that support the claim
of harm reduction through absence of tobacco combustion and reduction in cigarette
consumption.(Lindson‐Hawley et al., 2016; Polosa et al., 2016) If such products that are
promoted as being less harmful do indeed turn out to be effective tools for reducing
harm, they can be potentially very helpful in two groups of smokers, 1) those who are
predisposed to smoking and 2) those who are unable or unwilling to quit smoking.
The first group of smokers include those who are more likely to be smokers due
to socio-economic, demographic or other environmental factors. One of the most
important factors determining predisposition to smoking is socioeconomic status (SES)
with higher smoking prevalence seen among low SES groups.(Hiscock, Bauld, Amos,
Fidler, & Munafò, 2012; Siahpush, Spittal, & Singh, 2007) Although many studies have
focused on education, income and employment status aspects of socio-economic
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disadvantage,(Lindson‐Hawley et al., 2016; Siahpush et al., 2007) there has not been
consistent attention paid to the occupation component. There are known disparities
when it comes to smoking across occupational groups with those in the blue-collar
worker group having higher rates of smoking, higher nicotine dependence and lower
quit rates as compared to white collar workers.(Ham, 2011) The adverse effects of not
only smoking but also second-hand smoke are known to disproportionately affect the
blue-collar workforce.(Centers for Disease Control and Prevention (CDC), 2009) Periodic
assessment of such occupational variations in health risks is essential for the success of
any efforts to reduce occupational health disparities. However, such studies examining
the occupational variations in smoking rates periodically are lacking. The second aim of
this research was to examine the occupational variations in the prevalence of smoking,
using the 2010 National Health Interview Survey data.
The second group of smokers who could potentially benefit from harm reduction
using PREPs could be the smokers who are unwilling and/or unable to quit smoking.
This group of smokers are known as hardcore smokers.(Emery, Gilpin, Ake, Farkas, &
Pierce, 2000) The hardcore smokers are fundamentally different in their ability to quit
smoking as compared to those who did so successfully.(Burns & Warner, 2003a; Emery
et al., 2000) A hardcore smoker is known in general as a long-term daily smoker who is
unwilling or unable to quit and most likely to remain that way despite complete
knowledge of smoking hazards and even when facing a strong social disapproval of
smoking.(Warner & Burns, 2003) Existence of such a group of smokers is suggestive of
potential barrier to achieving lower or minimal smoking prevalence in response to the
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current tobacco control efforts.(Augustson, E. & Marcus, 2004; Sorg, Xu, Doppalapudi,
Shelton, & Harris, 2011) In fact, the stabilization of rate of decline in smoking prevalence
rates since 1965 achieved through increased cessation among current smokers and
decreased uptake by new smokers (Emery et al., 2000) could possibly be attributed to
these hardcore smokers.
Previous studies have found that hardcore smoking is associated with various
socio-demographic, environmental and smoking related factors, for example, it has
been reported that a typical hardcore smoker is likely to be an older male, less educated
with lower income, highly dependent on nicotine, and disapproving of smoking
regulations.(Augustson, Erik M., Barzani, Finney Rutten, & Marcus, 2008; Augustson, E.
& Marcus, 2004; Clare, Bradford, Courtney, Martire, & Mattick, 2014; Emery et al., 2000;
Jarvis, Wardle, Waller, & Owen, 2003) As the smoking prevalence decreases, albeit
slowly, this group of smokers who are most unlikely to quit are likely to make up a larger
proportion of smokers with the greatest risk of developing tobacco-related
diseases.(Augustson, Erik M. et al., 2008) The sustained presence of a group of hardcore
smokers among current smokers is very likely to determine the direction and impact of
future tobacco control policies. Therefore, it is important to understand what
characteristics distinguish hardcore smokers from other smokers in order to modify or
design tobacco control policies that could specifically target this group. The third specific
aim of this research was to examine the socio-demographic, environmental and smoking
related characteristics of hardcore smokers that differentiate them from regular
smokers.
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Despite the success of current comprehensive tobacco control policies, the
future direction of tobacco control efforts might have to be shifted toward smokers who
are resistant to these interventions. The emphasis of current tobacco control
interventions is on prevention rather than treatment (Burns & Warner, 2003b) and
combined with the likely devotion of efforts toward emerging harm reduction products,
and PREPs, tobacco control resources will need to be balanced delicately in order to
achieve the desired goals. This study will help provide the knowledge necessary to
determine whether reallocation of tobacco control resources, from current focus on
changing social norms and implementing changes to public policy to a more
individualized cessation assistance, is required. For this purpose, this study will help
provide a thorough understanding of the users of emerging harm reduction products as
well as the vulnerable groups of smokers most likely to benefit from these products
which could potentially help in achieving the long-term sustainable decrease in smoking
prevalence to help reduce the tremendous burden of tobacco related morbidity and
mortality.
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CHAPTER 2: SOCIOECONOMIC, DEMOGRAPHIC, AND SMOKING-RELATED CORRELATES OF
THE USE OF POTENTIALLY REDUCED EXPOSURE TOBACCO PRODUCTS IN A NATIONAL
SAMPLE
ABSTRACT
Background: In recent years, new non-traditional, potentially reduced exposure
products (PREPs), claiming to contain fewer harmful chemicals than the traditional
products, have been introduced in the market. Little is known about socioeconomic,
demographic & smoking related determinants of the likelihood of using these products
among smokers. The aim of this study was to examine these determinants.
Methods: Data from the 2006-2007 Tobacco Use Supplement to the Current Population
Survey was used. We limited the analysis to current smokers (n=40,724). Multivariate
logistic regression analyses were conducted to estimate the association between
covariates and the probability of the use of PREPs.
Results: We found that younger age, lower education, higher nicotine addiction, and
having an intention to quit are associated with higher likelihood of the use of PREPs. The
likelihood of using these products was found to be higher among respondents who are
unemployed or have a service, productions, sales or farming occupation than those with
a professional occupation. Smokers living in the Midwest, South or West, were found to
have a greater likelihood of the use of PREPs than those living in the Northeast.

Conclusion: Because there is little evidence to suggest that PREPs are less harmful that
other tobacco products, their marketing as harm-minimizing products should be
regulated. Smokers, in particular those who are younger, have a lower socioeconomic
status, and are more nicotine-dependent, should be the target of educational programs
that reveal the actual harm of PREPs.

Keywords: Potentially Reduced Exposure Products, Smoking, Socio-demographic
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INTRODUCTION
There are more than 7000 chemicals in cigarette smoke including carcinogens
and a number of toxicants responsible for major diseases.(Rodgman & Perfetti, 2008) In
response to increasing scientific evidence about the harmful effects of tobacco smoke,
the tobacco industry has begun manufacturing and selling tobacco products claimed to
have reduced harmful chemicals.(Stratton, Shetty, Wallace, & Bondurant, 2001) This
trend began with the introduction of filters in the 1950s followed by the” light” and low
“tar” cigarettes in the 1960s and 1970s,(General, 2010) and continued with
modifications such as use of reconstituted or expanded tobacco, porous cigarette paper,
to reduce the tar and nicotine yield of cigarettes.(Hoffmann, Djordjevic, & Brunnemann,
1995)
Since the 1990s, products sometimes referred to as potentially reduced
exposure products or PREPs,(Stratton et al., 2001) have been introduced in the market
and are being promoted as an alternative to conventional cigarettes with claims of
reduced risk of disease and exposure to harmful chemicals.(Pederson & Nelson, 2007)
Pederson et al,(Pederson & Nelson, 2007) characterized PREPs as those tobacco
products which are engineered tobacco delivery devices that heat tobacco rather than
burning it and certain non-standard smokeless tobacco products such as chewable
tobacco packets or lozenges. We considered the products Eclipse, Accord, Arriva, Exalt,
Revel, Omni, Advance and Marlboro Ultrasmooth, in our study. Eclipse is a smokeless
cigarette in which tobacco is heated instead of burning and so is Accord, which uses a
battery operated charger and puff activated lighter to heat the tobacco.(Pederson &

12

Nelson, 2007) Arriva is a lozenge whereas Exalt and Revel are smokeless tobacco
products; all consumed orally.(Pederson & Nelson, 2007) Advance and Omni are
modified tobacco products that contain tobacco that has been cured or fermented
differently.(Hund et al., 2006) Marlboro Ultrasmooth is a cigarette that uses carbon
filter, a design apparently adapted to reduce harmful ingredients.(Pederson & Nelson,
2007) There have been studies on the clinical effects of these products on
smokers,(Breland, Buchhalter, Evans, & Eissenberg, 2002) their toxicology,(Hatsukami,
Benowitz, Rennard, Oncken, & Hecht, 2006) and on the smokers’ awareness, beliefs,
perceptions and attitudes(Hund et al., 2006; O’Connor, Hyland, Giovino, Fong, &
Cummings, 2005; Parascandola, Augustson, O’Connell, & Marcus, 2009; Pederson &
Nelson, 2007) about these products, but little is known about the determinants of the
use of these products.
It is known that lower socioeconomic status is associated with a higher
prevalence of smoking,(Gilman, Abrams, & Buka, 2003; Giovino, G. A., Pederson, &
Trosclair, 2000; Pampel, 2009) but literature about such socioeconomic variations in the
use of PREPs is scant. Hund et al,(Hund et al., 2006) found no significant association of
use of PREPs with sociodemographic variables, including education and total household
income, but found that the interest in trying PREPs was higher among those with lower
household income. On the other hand, some researchers have found no significant
socioeconomic differences in either the use(Parascandola et al., 2009; Shiffman,
Pillitteri, Burton, & Di Marino, 2004) of or interest(Parascandola et al., 2009) in trying
PREPs. A few studies focusing on awareness, interests and beliefs about PREPs, found
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no significant differences in the awareness of PREPs among different educational or
income levels.(O’Connor et al., 2005) Some studies found that smokers’ perceptions of
less health risks of such products was more likely among those with lower educational
level,(Hamilton et al., 2004; Shiffman et al., 2004) whereas some others found no
association of educational level with the beliefs of risks from such products.(O’Connor et
al., 2005) To our knowledge, the association of occupation with the use of PREPs has
not been examined extensively.
There are marked racial/ethnic differences in smoking prevalence,(Ellickson,
Orlando, Tucker, & Klein, 2004) but little is known about how race/ethnicity is
associated with the likelihood of use of PREPs. Hund et al( 2006) found that, even
though the awareness of these products was higher among African Americans than
Whites or Hispanics, there were no racial/ethnic differences in either the use or interest
in the use of these products. A study on the perceptions of PREPs among current
smokers found that Non-Whites were more likely than Whites to believe that PREPs are
less harmful for health than the regular cigarettes, but there were no racial differences
in the interest in purchasing such products.(Shiffman et al., 2004)
Several surveys on regional variations in smoking prevalence in the United States
have found that the prevalence of smoking was higher in the Southern and Midwestern
regions than Western and Northeastern regions.(Dube et al., 2010; Giovino, GA et al.,
2009) However, the only study on regional variations in the use of PREPs that we were
able to find showed no significant association between the use of these products and
region of residence.(Hund et al., 2006) Further exploring such regional variations in the
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likelihood of use of PREPs could help in the understanding of the correlates of the use of
PREPs.
According to a recent report by the Centers for Disease Control,(Dube et al.,
2010) the current smoking rates do not vary much by different age groups. However,
considering that tobacco industry has always targeted younger adults for
advertising,(Gilpin, White, Messer, & Pierce, 2007) it is possible that such tactics might
be used in relation to PREPs, resulting in increased use of these products among the
young.(Pederson & Nelson, 2007) Evidence on the association of age and the use of
PREPs is scarce in scientific literature.
It has been shown that among those with an intention to quit, the perception of
“less harm” with light cigarettes is one of the reasons for their use of these
cigarettes(Giovino, G. A. et al., 1996) and for the continuation of smoking.(Shiffman et
al., 2004) Considering that PREPs are being promoted as being less harmful,(Slater,
2008) those with an intention to quit might be more likely to use this product as an aid
(Parascandola et al., 2009) or substitute(Shiffman et al., 2004) to quitting. Some
researchers have suggested that those smokers with an intention to quit could succeed
in quitting by switching to PREPs.(Pederson & Nelson, 2007) it is important to examine
how the likelihood of use of PREPs is associated with an intention to quit.
It has been suggested that the marketing of PREPs as harm reduction products is
likely to appeal to the heavy smokers (high nicotine dependent) without an intention to
quit, who might switch to this product as an alternative to quitting.(Parascandola et al.,
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2009) To our knowledge no studies have explored the association of level of nicotine
dependence and the likelihood of use of PREPs.
The aim of this study was to examine sociodemographic and smoking-related
determinants of the use of PREPs among current smokers in the United States.
MATERIALS AND METHODS:
Data
We used data from 2006-2007 Tobacco Use Supplement to the Current
Population Survey (TUS-CPS), sponsored by the National Cancer Institute and
administered by the US Census Bureau in May 2006, August 2006 and January 2007.(US
Department of Health and Human Services, 2004) TUS-CPS is administered as a part of
the Current Population Survey, which is a monthly national survey of representative
households by the US Census Bureau and the Bureau of Labor Statistics. The TUS-CPS
utilizes a multistage probability sampling of individuals 15 and older from a sample of
approximately 56,000 housing units, in turn selected from the about 792 primary
sampling units. The average response rate for CPS for the three months that the
surveys were administered, was 92% whereas for the TUS it was 83% with
approximately 75% of the data collected through self-response and the remaining
responses being proxy responses. Proxy responses were collected from another
member of the family at the fourth attempt if the individual to be interviewed was not
available for the first three attempts. We limited the analysis to current smokers, 18
years and older. Current smokers were those who responded to the question, “Do you
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now smoke cigarettes every day, some days, or not at all?” with either “every day” or
“some days”(n=40,724).
Measurement of Outcome: Use of PREPs among current smokers
Respondents were informed “Now I’m going to ask about your use of new
tobacco products that are sometimes claimed to have fewer harmful chemicals”, and
then were asked,” Have you ever tried a product called…….?”, for each of the eight
PREPs; Eclipse, Accord, Arriva, Exalt, Revel, Omni, Advance and Marlboro Ultrasmooth.
We created a dichotomous outcome variable for the use of PREPs that distinguished
those who had responded “yes” to the above question, from those who had said “no”.
Measurement of Covariates
Age of respondents was categorized as 18 to 24, 25 to 39, 40 to 54 and 55+.
Based on two separate questions about the race and Hispanic origin of the respondents,
race/ethnicity was categorized as: Non-Hispanic White, Non-Hispanic Black, Hispanic,
Non-Hispanic American Indian/Alaskan Native, Non-Hispanic Asian/Hawaiian/Pacific
Islander and other. Education was categorized as less than high school, high school
diploma and some college, and bachelors or higher degree. Categories for occupation
were professional, service, sales, farming, construction, production, unemployed and
not in labor force (retired, students, or disabled}. Poverty status was calculated as a
ratio of family income to the poverty threshold for a given family size for each of the
survey years and categorized as ≤ 100%, >100% and ≤200%, >200% and ≤300%, >300%
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and “no income information”, for those whose income information was not available.
Other sociodemographic covariates included age, sex and region of residence.
Smoking related variables used for this study were Heaviness of Smoking Index
(HSI) and Intention to quit. HSI, a short form of the Fagerstrom Tolerance
Questionnaire,(Kozlowski, Porter, Orleans, Pope, & Heatherton, 1994) was used to
measure nicotine dependence. HSI was categorized into scores ranging from 0 to 6 and
was calculated by summing the points for time to first cigarette smoked after waking
and the number of cigarettes smoked daily. For time to first cigarette the scoring was:
<5 minutes, 3 points; 6 to 30 minutes, 2 points; 31 to 60 minutes, 1 point; and >60
minutes, 0 points. For the number of cigarettes smoked each day, respondents were
asked, “On the average, about how many cigarettes do you now smoke each day?” and
were scored as: 1 to 10, 0 points; 11 to 20, 1 point; 21 to 30, 2 points and >31, 3 points.
All the current smokers who only smoked “some days” were assigned 0 points for both,
time to first cigarette and number of cigarettes smoked each day. Higher HSI scores
indicated more nicotine dependence.
Respondent were asked, “Are you planning to quit within the next 6 months?”
and those who answered affirmatively were categorized as having an intention to quit.
Statistical Analysis
Stata 12.0 was used for all statistical analyses. Pearson chi-squared tests were
utilized to examine the differences in unadjusted percentages between those who had
used PREPs and those who did not, across each of the covariates, age, sex,
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race/ethnicity, education, occupation, region, poverty status, HSI and intention to quit.
Multivariate logistic regression was performed to estimate the association of these
covariates with the use of PREPs to report the adjusted odds ratios and 95% confidence
intervals of using PREPs. To account for the complex sampling design of TUS-CPS survey,
sample weights with the ‘svy’ (survey command) function in Stata was used for point
estimates. Due to the multi-stage nature of the sampling design, standard errors in the
logistic regression analyses needed to be adjusted. Such adjustment requires
information on the primary sampling units (PSUs) for each observation in the dataset.
Since the TUS-CPS does not provide this information, in multivariate analysis,
bootstrapping with 10,000 replications was utilized for the estimation of standard
errors. Bootstrapping is a statistical technique that helps estimate the sampling
distribution for a statistic by using multiple resampling with replacements and this
sampling distribution is then used for estimating standard errors and confidence
intervals for that statistic.(Haukoos & Lewis, 2005)]
RESULTS
Table 1 presents the weighted sample characteristics and the percentages of
current smokers who had tried PREPs, across the categories of the covariates. 8.7% in
the sample reported having used PREPs. At the bivariate level, age, race/ethnicity,
education, occupation, poverty status, region of residence and intention to quit were
associated with the use of PREPS. Respondents from the youngest age group of 18 to 24
years, had higher percentage of those who had tried PREPs than those who were 25-39
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years, 40-54 years and 55+ years. The percentage of Non-Hispanic American Indians and
Alaskan Natives who had tried PREPs was higher than any other racial/ethnic groups.
The percentage of those with less than high school education who had tried PREPs was
higher than those with higher levels of education. A higher percentage of those who
were unemployed had tried PREPs than those who were employed or were not in labor
force. Among the different occupational categories, those in production and service
occupations had higher percentages who had tried these products than those in the
professional, sales, farming and construction jobs. Compared to the more affluent
respondents, those who were at or below the poverty threshold had a higher
percentage who had tried PREPs. Those living in the West, South and Midwest had
higher percentages who had tried PREPs than those from the Northeast. Compared to
those with no intention to quit, respondents with an intention to quit had a higher
percentage who had tried PREPs. No significant differences in the percentages of
current smokers who had tried PREPs were found among different genders or among
those with different HSI scores.
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Table 1: Weighted Sample characteristics and percent having tried PREPs (n=40,724)
Covariates
% in Sample % tried PREPs
Age
18-24
14.84
12.74
25-39
30.65
9.24
40-54
34.32
7.24
55+
20.19
6.96
Sex
Male
53.83
8.85
Female
46.17
8.5
Race/Ethnicity
Non-Hispanic white
75.29
8.78
Non-Hispanic black
10.72
7.29
Hispanic
9.12
9.57
Non-Hispanic AI/AN**
0.8
11.62
Non-Hispanic A/H/PI**
2.36
6.27
Other
1.71
11.07
Education
Less than High school
19.54
9.5
High school diploma and some College
68.25
8.85
Bachelor or higher degree
12.21
6.51
Occupation
Professional
15.02
7.72
Service
12.95
9.71
Sales
16.58
8.52
Farming
0.51
6.27
Construction
10.44
7.94
Production
11.13
9.85
Unemployed
6.62
11.75
Not in labor force
26.75
7.93
Poverty Status
≤100%
16.86
10.05
>100% and ≤200%
19.62
9.07
>200% and ≤300%
18.62
8.7
>300%
35.28
8.06
No income information
9.63
7.79
Region
Northeast
17.04
7.12
Midwest
25.76
8.44
South
38.54
9.22
West
18.65
9.37
Heaviness of Smoking Index
0
30.37
8.19
1
11.09
9.0
2
1.67
9.16
3
21.74
8.94
4
1.33
9.19
5
4.17
10.82
6
2.64
8.33
Intention to Quit
Yes
44.53
9.8

P-value*
<0.001

0.363

0.016

<0.001

<0.001

0.007

0.001

0.206

<0.001

21
No

55.47

7.91

** AI- American Indian, AN- Alaska Native, A- Asian, H-Hawaiian, PI-Pacific Islander. *p-values pertain to the chi-squared for
the association between the outcome variable and each predictor.
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Table 2 presents the adjusted odds ratios (OR) and 95% confidence intervals (CI)
for the associations of the covariates with the use of PREPs. As in the bivariate analysis,
we found that younger age and lower education were associated with higher likelihood
of the use of PREPs. Those in the youngest age group of 18-24 year had higher odds (OR:
1.93, 95% CI: 1.65-2.26) of having tried PREPs than those in the age group of 55+ years.
Those with less than high school education, had higher odds (OR: 1.26, 95% CI: 1.05,
1.51) of having tried PREPs than those with Bachelors or higher degree. Consistent with
bivariate results, occupation and region were associated with the likelihood of the use
of PREPs. Those who were unemployed had greater odds (OR: 1.34, CI: 1.10-1.65) than
those who were in professional jobs. Those from service (OR: 1.15, CI: 0.97-1.36) and
production (OR: 1.10, CI: 0.92-1.30) occupations had greater odds of having tried these
products than those from professional jobs whereas those from construction (OR: 0.93,
CI: 0.77-1.12) had lower odds of using them. Respondents from the Midwest (OR: 1.07,
CI: 0.94-1.23), South (OR: 1.18, CI: 1.03-1.34) and West (OR: 1.19, CI: 1.03-1.38) had
higher odds of having tried PREPs than those from the Northeast. Those with an
intention to quit had higher odds (OR: 1.20, CI: 1.10-1.31) of having tried PREPs than
those without an intention to quit. In multivariate analysis, the difference in having tried
PREPs between males and females remained non-significant (p=0.546); differences
between different HSI score levels became significant (p<0.001); those among different
racial/ethnic groups became non-significant (p=0.065), and those among different
poverty levels disappeared (p=0.129). Those with higher HSI scores had greater odds of
having tried PREPs than those with the lowest HSI score of 0. Among different
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racial/ethnic groups, Non-Hispanic Blacks had the lowest odds (OR: 0.88, CI: 0.74-1.05)
and those in the “other” racial/ethnic category had the highest odds (OR: 1.17, CI: 0.871.57) of having tried PREPs.
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Table 2: Adjusted* odds ratios and 95% Confidence Intervals for the association of probability of use of PREPs
and covariates (n=40,724).
Covariates
Use of PREPs adjusted odds ratio (95% CI) P-value
Age
<0.001
18-24
1.93 (1.65, 2.26)
25-39
1.41 (1.24, 1.61)
40-54
1.06 (0.93, 1.21)
55+
1.00
Sex
0.546
Male
1.02 (0.93, 1.13)
Female
1.00
Race/Ethnicity
0.065
Non-Hispanic black
0.88 (0.74, 1.05)
Hispanic
1.20 (1.01, 1.42)
Non-Hispanic AI/AN**
0.90 (0.70, 1.16)
Non-Hispanic A/H/PI**
1.16 (0.59, 1.14)
Other
1.17 (0.87, 1.57)
Non-Hispanic White
1.00
Education
0.039
Less than High school
1.26 (1.05, 1.51)
High school diploma and some College
1.21 (1.04, 1.40)
Bachelors or Higher Degree
1.00
Occupation
0.023
Service
1.15 (0.97, 1.36)
Sales
1.04 (0.90, 1.20)
Farming
1.01 (0.54, 1.92)
Construction
0.93 (0.77, 1.12)
Production
1.10 (0.92, 1.30)
Unemployed
1.34 (1.10, 1.65)
Not in labor force
1.02 (0.87, 1.19)
Professional
1.00
Poverty Status
0.129
≤100%
1.09 (0.95, 1.25)
>100% and ≤200%
1.05 (0.92, 1.19)
>200% and ≤300%
0.92 (0.80, 1.04)
>300%
1.00
No income information
1.06 (0.89, 1.27)
Region
0.023
Midwest
1.07 (0.94, 1.23)
South
1.18 (1.03, 1.34)
West
1.19 (1.03, 1.38)
Northeast
1.00
Heaviness of Smoking Index
<0.001
0
1.00
1
1.15 (0.99, 1.34)
2
1.17 (1.02, 1.34)
3
1.26 (1.12, 1.42)
4
1.33 (1.15, 1.54)
5
1.55 (1.26, 1.90)
6
1.41 (1.09, 1.83)
Intention to Quit
<0.001
Yes
1.20 (1.10, 1.31)
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No

1.00

*Adjusted for the effect of all covariates. ** AI- American Indian, AN- Alaska Native, A- Asian, H-Hawaiian, PI-Pacific Islander
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DISCUSSION
In this study we examined the determinants of the use of PREPs among current
smokers. We found that younger age, lower education, higher nicotine addiction, and
having an intention to quit are associated with higher likelihood of the use of PREPs. The
results revealed that the likelihood of using these products is higher among respondents
who are unemployed or have a service, productions, sales or farming occupation than
those with a professional occupation. We also found that smokers living in the
Midwest, South or West, have greater likelihood of use of PREPs than those from the
Northeast.
The finding that younger smokers are more likely to try PREPs is consistent with
concerns that experimentation with such products is quite likely among young
adults.(Pederson & Nelson, 2007) On the other hand, it is inconsistent with the finding
of perception of lesser health risk of these products among older smokers,(Hamilton et
al., 2004) who might be predicted to be using it more. Many young adults who
experiment with smoking give up smoking in a few years before becoming regular
smokers(Shiffman et al., 2004) but the higher likelihood of use of PREPs among them
points to the possibility that the claims of “reduced harm” from these products might be
an incentive for this group to take up, continue smoking and become lifelong addicts.
Our result that lesser education was associated with a higher likelihood of PREP
use is consistent with the direction of previous findings that lower educational level was
significantly associated with the perception of PREPs as less risky to health.(Hamilton et
al., 2004) The significant association between poverty level and the likelihood of use of
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PREPs that we observed at the bivariate level disappeared in multivariate analysis. This
probably occurred due to controlling for age. Younger people are more likely to be poor
and as shown here, are more likely to use PREPs. The finding that overall, those from
lower socioeconomic groups (less educated, unemployed, non-professional
occupations) are more likely to have tried PREPs, is significant. Smokers from these
groups are known to have longer duration of smoking and face financial
hardships.(Siahpush, Singh, Jones, & Timsina, 2010) The possible use of PREPs by this
group as a substitute to regular cigarettes might further prolong their duration of
smoking, considering that they perceive these products as “safer”(Hamilton et al., 2004;
Shiffman et al., 2004) than regular cigarettes. Their use of PREPs in addition to the
regular cigarettes is likely to add to their financial hardships as these products cost
about as much as regular cigarettes and no less.(Slater, 2008) Overall, this is likely to
further exacerbate the burden of tobacco use faced by them.
The lower likelihood of the use of PREPs among those from the Northeast than
those from other regions was inconsistent with previous studies, which did not find any
association between region of residence and use of PREPs.(Hund et al., 2006) A possible
reason for this inconsistency could be the inclusion of an additional set of PREPs, Arriva,
Exalt, Revel, and Marlboro Ultrasmooth, in our study, whose regional availability might
be different than the PREPs in those studies. For example, Slater et al,(Slater, 2008)
found that while Arriva was more likely to be available in the South, Omni was more
likely to be available in the Midwest and the Northeast. Another possible reason for the
observed regional difference could be that the prices of PREPs relative to other tobacco
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products are higher in the Northeast. Previous research (Slater, 2008) exploring the
prices of PREPs in comparison to regular cigarettes only focused on two products, Omni
and Arriva. This is an issue that can be investigated in future research.
An important finding of the study, which is consistent with previous
research,(Parascandola et al., 2009) was the higher odds of the use of PREPs among
those with an intention to quit. This is probably because smokers with an intention to
quit are more likely to believe that these products are less harmful to health(Shiffman et
al., 2004) and thus may end up trying and using PREPs instead of quitting.(Hund et al.,
2006) Similarly, increased likelihood of the use of PREPs among those with high HSI
scores, could be indicative of the beliefs among them about the reduced harm of these
products(Parascandola et al., 2009) and might be an effort on their part to reduce the
risks to their health or to reduce their nicotine dependence.(Pederson & Nelson, 2007)
These products are marketed as less harmful alternatives with no substantial
evidence presented to assure whether there is an actual harm reduction achieved with
the use of PREPs. The marketing of these products as those with decreased health risk
not only has potential to hamper cessation efforts in those with an intention to quit but
is also likely to make them continue smoking longer. Such tactics could very well entice
former smokers to pick up smoking again and youngsters to try them. The increased
likelihood of use of these products by the younger adults is alarming in that it could set
precedence for experimentation and addiction to tobacco products in later life. The
marketing and use of these products has implications for public health in that efforts
will need to be directed toward policies on advertisements of PREPs and on educating
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people about the actual harms associated with these products in terms of health and
behavioral risks.
Although these products have been commercially unsuccessful,(Pederson &
Nelson, 2007) the tobacco industry is likely to put in substantial efforts in promoting
them in lieu of dwindling smoking prevalence in the United States, and the most likely
consumer targets could be the young and the smokers who are willing to cut down or
quit. Future research needs to focus on examining the actual harmful contents in these
products, the reasons for increased likelihood of use of these products among the
young, among those from lower socioeconomic groups, among heavy smokers, and
among those with an intention to quit. A longitudinal study could shed light on the longterm effects of PREPs on health and smoking behavior.
Limitations of the study include the cross-sectional design of the TUS-CPS that
prevents establishment of causal relationship between covariates and the use of PREPs.
A second limitation is the use of self-reported data, which could be an issue especially
when it comes to self-portrayal. For example, some respondents might report higher
than actual education or income, which could lead to biased estimation of those
variables. Another limitation was the use of proxy responses in TUS-CPS. Such proxy
response especially in relation to the younger age group could have resulted in
underreporting of smoking and use of PREPs among this group. In addition, there was a
large proportion of respondents whose income information was not available and even
though we included them in our analysis as a no income information category,
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knowledge of their income could have potential changed the distribution of the poverty
status variable and its subsequent association with the likelihood of use of PREPs.
Despite these limitations, our study provides valuable insights into the
characteristics of the smokers most likely to try PREPs. This information could be vital in
guiding future research, policies and programs aimed at marketing, use, prevention and
effects of PREPs.
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CHAPTER 3 : OCCUPATIONAL VARIATIONS IN SMOKING: FINDINGS FROM THE 2010
NATIONAL HEALTH INTERVIEW SURVEY

ABSTRACT
Background: Understanding occupational variations in smoking prevalence is necessary
to identify high risk groups. We examined the recent prevalence of smoking across
different occupational groups.
Methods: Data from the 2010 National Health Interview Survey were used. Analysis was
limited to adults, 18 and older who had a job or business the week before the interview
(n=14,754). Adjusted prevalences of outcomes across occupations were calculated
using logistic regression.
Results: The highest prevalence of smoking was found in healthcare support
occupations (25.8%, 95% CI: 20.5-31.1%). The lowest adjusted prevalence of current
smoking was among those in life, physical & social science occupations (10.4%, 95% CI:
3.4-17.4%).
Conclusion: Prevalence of smoking varies across occupations. Worksite and public
health interventions need to be designed and modified to address such occupational
health risk disparities.

Keywords: Occupation, Smoking
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INTRODUCTION:
Despite remarkable progress in reducing smoking prevalence over the last few
decades, smoking still remains the leading preventable cause of morbidity and mortality
in the United States. Data suggest that the adverse effects of smoking and exposure to
second-hand smoke not only affect the general population adversely but also the
workforce in the United States.(Centers for Disease Control and Prevention, 2008) In
addition to obesity, physical inactivity and heavy alcohol consumption, smoking has
been established as one of the major health risks.(Chiolero, Wietlisbach, Ruffieux,
Paccaud, & Cornuz, 2006; Fogelholm & Kukkonen‐Harjula, 2000; Ogden et al., 2006) It is
known that such health risk factors vary across different occupational categories.(Caban
et al., 2005; Ham, 2011; King et al., 2001; Lynch, Kaplan, & Salonen, 1997) An
understanding of such variations, especially smoking prevalence, is necessary to identify
high risk groups and to target public health and worksite interventions toward these
groups.
Occupational variations are known to exist in risky health behaviors such as
smoking. (Ham, 2011) In fact, behaviors such as smoking, heavy alcohol consumption
and physical inactivity are known to exist in clusters in lower socioeconomic
groups.(Chiolero et al., 2006; Schuit, Van Loon, Tijhuis, & Ocké, 2002) Therefore, it is not
surprising that white collar workers are known to have lower rates of smoking as
compared to blue collar workers.(Lee, 2004; Lynch et al., 1997) These occupational
variations are commonly attributed to factors such as race, education, workplace
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smoking policies, job strain, and job hazards.(Arif & Rohrer, 2005; Landsbergis et al.,
1998; Shavers, Lawrence, Fagan, & Gibson, 2005; Sorensen, 2001)
Periodic assessment of occupational variations in health risks is essential for the
success of any efforts to reduce such health disparities. However, such studies
examining the occupational variations in important health risks together using recent
data are lacking. The aim of this study was to examine the recent occupational
variations in the prevalence of smoking, using the 2010 National Health Interview
Survey data.

MATERIALS AND METHODS:
Data
We used data from the 2010 National Health Interview Survey (NHIS), a survey of
non-institutionalized individuals in the US general population.(National Center for
Health Statistics, 2012) The NHIS employs multi-stage sampling and is conducted by the
National Center for Health Statistics (NCHS) at the Centers for Disease Control and
Prevention (CDC). The final sample adult response rate for 2010 NHIS was
60.8%.(National Center for Health Statistics, 2012) We limited our analysis to adults, 18
years and older who were working at a paying or non-paying job last week or had a job
or business but were not at work last week. Those who were not asked the question
about their occupational classification, those whose occupational classification was
unknown for any reason and those belonging to military specific occupations were
excluded from the sample(n=2,278). We also excluded all the observations in which
information was missing for any of the variables being studied (n=1,024). The final
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sample size was 14,754. The 2010 NHIS was approved by the NCHS Research Ethics
Review Board as well as the U.S. Office of Management and Budget. All respondents
provided oral consent for participation in 2010 NHIS.
Variables
During the course of the interview, verbatim responses regarding respondents’
industry and occupation were obtained from all subjects. Occupational categories used
for this analysis were the simple occupational recodes used by NHIS since 2004 which
includes 23 occupation categories.(National Center for Health Statistics, 2012) These
categories are derived from the 2010 Standard Occupation Classification Major
Occupation Groups, as determined by the U.S. Census Bureau and the Bureau of Labor
Statistics.(National Center for Health Statistics, 2012)
Respondents were asked “have you smoked at least 100 cigarettes in your entire
life?” Those responding “yes” were classified as ever smokers and those who answered
“no” were classified as never smokers. Ever smokers were then asked “do you now
smoke cigarettes every day, some days or not at all?” and respondents who answered
“every day” or “some days” were classified as current smokers.
Other covariates included in the analysis were age, gender, race and ethnicity,
years of education, region of residence, and poverty status which was calculated as a
ratio of family income to the poverty threshold for a given family size for the year 2010.
Statistical Analysis
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Stata 12.0 was used for the statistical analyses.(StataCorp, 2014) We adjusted for
the complex sampling design of the NHIS by taking into account sampling weights,
stratification and primary sampling units in computations.(Blewett, Rivera Drew, Griffin,
King, & Williams, 2016) Descriptive statistics were calculated for the demographic
characteristics of the sample population. Cross tabulation was used to find the
unadjusted crude prevalence of smoking across occupational categories. Adjusted
prevalence of current smoking in different occupation categories was calculated as
average predicted probabilities for each category using the estimated coefficients
obtained with logistic regression, adjusting for all other covariates.
RESULTS:
Table 1: Weighted* sample characteristics and unadjusted prevalence of current smoking
(n=23,855)
Covariates
Overall
Occupation
Life, Physical, & Social Science
Arts, Design, Entertainment, Sports & Media
Healthcare Practitioners & Technical
Food Preparation & Serving Related
Legal
Education, Training, & Library
Business & Financial Operations
Sales & Related
Computer & Mathematical
Construction & Extraction
Building & Grounds Cleaning & Maintenance
Management
Installation, Maintenance, & Repair
Office & Administrative Support
Personal Care & Service
Farming, Fishing, & Forestry
Architecture & Engineering
Production
Community & Social Services
Transportation & Material Moving
Protective Service
Healthcare Support
Smoking Status

% in
Sample
100

%
Current smokers*
19.75

1.04
1.92
4.31
5.76
1.02
6.46
4.19
10.65
2.30
5.83
3.97
8.60
3.48
14.02
3.50
0.76
1.88
7.63
1.64
6.03
1.98
2.52

4.42
13.08
10.21
33.52
11.54
8.06
13.67
20.76
12.63
31.32
23.61
13.3
26.88
18.3
19.72
16.25
11.22
24.77
10.43
28.82
15.81
28.63
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Current Smokers
19.76
Others
80.24
Age
18-24
11.95
21.21
25-39
26.87
23.23
40-54
28.89
22.41
55+
32.28
13.92
Sex
Male
49.77
21.51
Female
50.23
17.96
Race/Ethnicity
Non-Hispanic white
69.79
21.18
Non-Hispanic black
11.24
20.48
Hispanic
13.07
13.45
Other
5.90
15.36
Years of Education
Less than 9 years
4.56
18.4
9 to 11 years
6.59
35.62
12 years
28.32
26.65
13 to 15 years
31.12
20.78
16 or more years
29.39
8.64
Region
Northeast
17.27
17.74
North Central/Midwest
23.7
21.76
South
35.68
21.54
West
23.35
16.44
Poverty Status
<100%
11.34
30.94
>=100% and <200%
15.54
26.87
>=200% and <300%
13.96
23.43
>=300% and <400%
11.47
18.89
>=400% and <500
8.83
16.81
>=500%
23.15
12.3
Insufficient Information
15.71
14.6
* To account for the complex sampling design of NHIS survey, we used sample weights with the ‘svy’ (survey
command) function in Stata.

Table 1 provides weighted sample characteristics and unadjusted prevalence of
current smoking (henceforth referred to as smoking) in the sample. Overall, 19.21% in
the sample were smokers. In the unadjusted analyses, the highest prevalence of
smoking (32.0%) was observed in the food preparation & serving related occupations.
The lowest prevalence of smoking was among those in life, physical & social science
occupations (5.5%).
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Table 2: Adjusted* prevalence and 95% Confidence Interval (CI) of obesity, morbid obesity, current smoking, heavy drinking, and nonadherence to physical activity recommendations across occupational categories
Occupational Category

Current smoking
% (95 % CI)

Life, Physical, & Social Science
Arts, Design, Entertainment, Sports & Media
Building & Grounds Cleaning & Maintenance
Construction & Extraction
Food Preparation & Serving Related
Healthcare Practitioners & Technical
Installation, Maintenance, & Repair
Sales & Related
Farming, Fishing, & Forestry
Business & Financial Operations
Office & Administrative Support
Legal
Education, Training, & Library
Production
Management
Personal Care & Service
Computer & Mathematical
Transportation & Material Moving
Architecture & Engineering
Protective Service
Healthcare Support
Community & Social Services

8.03 (2.78, 13.27)
15.22 (11.44, 18.99)
19.80 (17.18, 22.42)
22.61 (20.13, 25.09)
26.39 (23.75, 29.03)
14.58 (11.99, 17.16)
21.88 (18.64, 25.12)
19.85 (18.06, 21.64)
14.69 (8.99, 20.39)
19.12 (15.86, 22.37)
18.95 (17.36, 20.54)
17.96 (12.02, 23.89)
13.34 (10.76, 15.91)
20.74 (18.79, 22.69)
16.71 (14.84, 18.59)
18.65 (15.77, 21.54)
16.77 (12.89, 20.64)
23.04 (20.58, 25.49)
16.04 (11.79, 20.29)
16.18 (12.26, 20.10)
26.60 (22.56, 30.64)
16.28 (11.97, 20.58)

*Adjusted for age, sex, race, poverty status, region, education, and other risk factors of interest (i.e. adjusted prevalence of smoking is calculated by adjusting
for age, sex, race, poverty status, region, education).
Note: Adjusted prevalence’s are the average predicted probabilities for each occupational category, calculated using the estimated logistic regression
coefficients.
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Among different age groups, the highest prevalence of smoking was in the 25-39
year age group. More males currently smoked than females. Across racial groups the
highest percentage of smokers were among the non-Hispanic White group. Those with
some high school education had the highest prevalence of smoking. Similarly, those
from North central/Midwestern region had the highest smoking prevalence. Those
between 100 to 200% of poverty threshold had the highest prevalence of smoking.
Table 2 presents the adjusted prevalences and 95% Confidence Intervals (CI)
smoking, across occupational categories. The health care support occupations had the
highest prevalence of smoking (25.8%, 95% CI: 20.5-31.1%). The lowest adjusted
prevalence of current smoking was among those in life, physical & social science
occupations (10.4%, 95% CI: 3.4-17.4%).
As most of the risky health behaviors such as obesity, physical inactivity and
heavy alcohol consumption are known to co-exist with smoking, (Chiolero et al., 2006)
we conducted additional analyses to examine the prevalence of combinations of these
four risk factors by occupation, grouped in pairs and all together (Table 3). The adjusted
prevalence of smoking and obesity (9.0%, 95% CI: 6.0-12.0%) was highest in the
healthcare support occupations. The highest adjusted prevalence for combinations of
smoking and heavy drinking (5.1%, 95% CI: 3.2-7.0%) and smoking and non-adherence
to PA recommendations (20.0%, 95% CI: 16.7-23.2%) was seen among food preparation
& service-related occupations. The highest prevalence of coexistence of all four of these
risk factors together (0.9%, 95% CI: -1.0-3.0%) was observed in the community & social
services occupations.
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Table 3: Adjusted* prevalence and 95% Confidence Interval (CI) of coexistence of current smoking, obesity, heavy drinking, and nonadherence to physical activity recommendations across occupational categories.
Obesity & Heavy
Drinking
% (95 % CI)

Obesity &
Non-Adherence
to PA
recommendations
% (95 % CI)

Current Smoking
& Heavy drinking
% (95 % CI)

Current Smoking &
Non-Adherence
to PA
recommendations
% (95 % CI)

Heavy drinking &
Non-Adherence
to PA
recommendations
% (95 % CI)

All Risk factors**
% (95 % CI)

Occupational Category

Obesity & Current
Smoking
% (95 % CI)

Management
Business & Financial Operations
Computer & Mathematical
Architecture & Engineering
Life, Physical, & Social Science
Community & Social Services
Legal
Education, Training, & Library
Arts, Design, Entertainment, Sports & Media
Healthcare Practitioners & Technical
Healthcare Support
Protective Service
Food Preparation & Serving Related
Building & Grounds Cleaning & Maintenance
Personal Care & Service
Sales & Related
Office & Administrative Support
Farming, Fishing, & Forestry
Construction & Extraction
Installation, Maintenance, & Repair
Production
Transportation & Material Moving

4.35 (3.09, 5.61)
3.86 (2.22, 5.49)
4.77 (1.96, 7.59)
5.30 (2.47, 8.12)
-------------------4.55 (1.96, 7.14)
5.48 (1.69, 9.27)
3.39 (1.78, 5.00)
3.34 (1.17, 5.52)
3.66 (2.35, 4.97)
9.89 (7.36, 12.42)
5.03 (2.91, 7.16)
4.78 (3.56, 6.01)
4.96 (3.44, 6.49)
4.42 (2.89, 5.95)
5.36 (4.29, 6.42)
4.88 (3.95, 5.81)
5.05 (1.56, 8.54)
4.55 (3.36, 5.75)
4.92 (3.23, 6.60)
5.41 (4.23, 6.60)
6.81 (5.35, 8.27)

1.54 (0.92, 2.16)
1.12 (0.34, 1.89)
1.10 (0.25, 1.96)
0.24 (0.00, 0.63)
0.92 (0.00, 2.69)
0.98 (0.00, 2.21)
0.85 (0.00, 1.90)
0.89 (0.34, 1.45)
0.61 (0.00, 1.56)
0.45 (0.09, 0.81)
1.04 (0.13, 2.23)
0.57 (0.05, 1.09)
1.67 (0.77, 2.56)
1.07 (0.34 ,1.80)
1.86 (0.79, 2.92)
0.64 (0.39, 0.89)
0.91 (0.53, 1.29)
0.69 (0.00, 1.71)
1.79 (0.94, 2.64)
0.66 (0.11, 1.21)
1.40 (0.76, 2.04)
1.67 (0.72, 2.63)

24.16 (21.64, 26.69)
23.53 (20.34, 26.71)
23.92 (19.36, 28.48)
28.45 (22.86, 34.04)
17.32 (11.20, 23.43)
33.29 (27.46, 39.12)
23.36 (15.81, 30.91)
25.50 (22.44, 28.56)
16.97 (12.90, 21.04)
22.38 (19.56, 25.20)
29.97 (25.74, 34.20)
27.27 (23.08, 31.46)
20.20 (17.61, 22.78)
19.97 (25.74, 34.20)
23.51 (19.91, 27.12)
23.21 (21.30, 25.13)
24.13 (22.52, 25.75)
25.18 (19.05, 31.30)
21.88 (18.99, 24.77)
25.56 (21.84, 29.28)
25.73 (23.32, 28.13)
28.97 (26.27, 31.68)

2.07 (1.25, 2.89)
2.80 (1.19, 4.41)
1.87 (0.52, 3.21)
1.70 (0.25, 3.143)
0.55 (0.00, 1.64)
1.59 (0.00, 3.20)
3.08 (0.00, 6.73)
1.47 (0.65, 2.28)
2.15 (0.152,4.16)
1.18 (0.38, 3.22)
1.80 (0.38, 3.22)
1.60 (0.17, 3.03)
4.63 (3.25, 6.01)
1.87 (0.94, 2.79)
1.61 (0.73, 2.50)
2.13 (1.49, 2.76)
1.80 (1.25, 2.35)
1.82 (0.00, 4.72)
2.97 (1.94, 4.01)
2.45 (1.23, 3.68)
2.58 (1.78, 3.38)
3.13 (1.87, 4.38)

14.61 (12.83, 16.39)
15.73 (12.59, 18.87)
13.98 (10.42, 17.54)
14.31( 9.88, 18.75)
5.86 (2.00, 9.73)
12.68 (8.48, 16.88)
11.99 (7.35, 16.63)
11.09 (8.80, 13.99)
11.01 (7.76, 14.27)
12.12 (9.72, 14.52)
21.39 (17.96, 24.81)
13.66 (9.90, 17.42)
22.20 (19.65, 24.76)
17.29 (14.77, 19.81)
13.52 (11.08, 15.97)
15.83 (14.21, 17.45)
15.87 (14.41, 17.34)
13.85 (8.29, 19.41)
19.32 (16.96, 21.68)
19.68 (16.48, 22.88)
17.84 (16.03, 19.65)
20.32 (17.91,22.73)

3.96 (2.94, 4.98)
3.35 (1.99, 4.71)
3.77 (2.00, 5.54
3.85( 1.81, 5.89)
4.74 (1.20, 8.27)
1.36 (0.00, 2.73)
3.11 (0.94, 5.28)
4.07 (2.82, 5.31)
3.94 (1.58, 6.29)
4.81 (3.17, 6.45)
2.16 (0.97, 3.35)
3.85 (1.68, 6.03)
6.18 (4.63, 7.72)
3.51 (2.19, 4.84)
3.90 (2.32, 5.48)
3.55 (2.68, 4.43)
3.28 (2.53, 4.02)
2.98 (0.00, 6.83)
6.50 (4.74, 8.27)
5.20 (3.39, 7.02)
5.04 (3.84 6.241)
4.64 (3.24, 6.04)

0.54 (0.13, 0.96)
0.44 (0.00, 0.09)
0.16 (0.00, 0.50)
--------------------------------------0.59 (0.00, 1.79)
0.45 (0.00, 1.38)
0.28 (0.00, 0.59)
--------------------------------------0.56 (0.00, 1.27)
0.28 (0.00, 0.63)
0.48 (0.05, 0.90)
0.44 (0.05, 0.83)
0.47 (0.00, 1.01)
0.37 (0.14, 0.59)
0.24 (0.06, 0.42)
-------------------0.46 (0.17, 0.75)
0.25 (0.00, 0.59)
0.60 (0.20, 1.00)
0.64 (0.00, 1.32)

*Adjusted for age, sex, race, poverty status, region, education, and other risk factors of interest (e.g. adjusted prevalence of obesity & current smoking is
calculated by adjusting for age, sex, race, poverty status, region, education and the risk factors, heavy drinking and non-adherence to physical activity
recommendations). **All risk factors include obesity, current smoking, heavy drinking and non-adherence to physical activity recommendations Note: Adjusted
prevalence’s are the average predicted probabilities for each occupational category, calculated using the estimated logistic regression coefficients. We also
combined risk factors into groups of three but found that the adjusted prevalence’s for many of the occupational categories were too small and statistically
insignificant to report, with many cells not having any observations at all.
Lower bounds of confidence intervals that were smaller than zero have been set to zero.
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DISCUSSION:
In this study we examined the recent occupational variations in the prevalence
of smoking using the 2010 NHIS data. The highest prevalence of smoking was seen
among healthcare support occupations followed by occupations such as food services,
installation & maintenance, and transportation & material moving. This finding was
consistent with two previous studies that used the NHIS data.(Lee, D. J. et al., 2007;
Syamlal, Mazurek, & Malarcher, 2011) One study analyzed the 1987-94 and 1997-2004
NHIS data and reported the highest pooled prevalence of smoking among occupations
such as construction laborers, food services, and material moving.(Lee, D. J. et al., 2007)
Another study, which used 2004-2010 NHIS data, also found the highest prevalence of
smoking in occupations such as construction & extraction, food services, transportation
& material moving, and installation & maintenance.(Syamlal et al., 2011)
Such high smoking rates among these occupation groups might be attributable
to socioeconomic factors. For example, higher education is found to be associated with
lower odds of smoking as compared to lower education.(Siahpush & Borland, 2001) It is
also suggested that among those with low income, smoking might be used as a way of
coping with the financial stress.(Sorensen, Barbeau, Hunt, & Emmons, 2004) Those with
lower education are often employed in unskilled occupations such as construction or
transportation which entail lower income, pushing them to the lower end of the
socioeconomic spectrum.(Galobardes, Shaw, Lawlor, Lynch, & Davey Smith, 2006;
Sorensen et al., 2004) This lower socioeconomic status in turn exposes them to smoking
associated factors such as financial stress, a disadvantage not faced by those belonging
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to higher socioeconomic groups.(Sorensen et al., 2004) However, the highest smoking
prevalence seen among those in the healthcare support occupations might need to be
further explored in future research. This is important because even though those in
other occupations such as food preparation & serving also had a similar high smoking
prevalence, the level of awareness about the dangers of smoking is expected to be
higher among those in health care support occupations.
One limitation of the study is the use of self-reported data. Smoking behavior is
likely to be under reported (Frone, 2006; Lee, 2004) with self-reported data. Such
variations in self-reported data are likely to exist across different occupational
categories, for instance between blue or white collar workers as well as by
gender.(Caban-Martinez et al., 2007) However, the validity of self-reported smoking has
been established in previous research.(Del Boca & Darkes, 2003; Patrick et al., 1994)
Similarly, use of information about their work during “last week” to determine
occupational categories might have resulted in some individuals being classified into
categories other than their usual occupation. However self-reported current occupation
and longest held job have been found to correlate significantly.(Gómez-Marín et al.,
2005; Luckhaupt, Cohen, & Calvert, 2013) Another limitation of the study was the use of
only one year of data which compared to other studies (Lee, D. J. et al., 2007) resulted in
much smaller subsamples within many of the occupational categories producing much
wider confidence intervals for the prevalences in those categories. Finally, the crosssectional nature of the NHIS data allows only for reporting the variations in our outcome
of interest across the occupational categories without any causal inferences.
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Despite its limitations, this study provides valuable information on the recent
national prevalence rates of current smoking in different occupational categories. This is
one of the most recent studies contributing to the knowledge of occupational disparities
in the prevalence rates of smoking, adjusting for important correlates of health which
are likely to confound the association of occupation with this important health risk
factor.
Conclusion:
In terms of overall severity of smoking as a risk factor, we found that the
occupations that are related to health or require high levels of education or fitness had
the worst health risks. Employees in these occupations are more likely to be aware of
the consequences of risks and behaviors such as smoking and this mismatch between
knowledge and behavior needs to be investigated further. Such investigations might
yield results which could direct future programs and policies focused on reducing
smoking as a risk factor specifically among these occupation groups. Such programs will
have to be innovative, going beyond education alone. Worksite wellness programs,
availability of resources like nicotine replacement therapy for quitting and programs
helping with stress coping are some possible options that could be considered. The
consistent high prevalence smoking among blue collar workers indicates a need to reevaluate the effectiveness of current programs and policies which have been in place to
tackle these issues. Empowering these groups with strategies to cope with psychosocial
stress using counseling, possible financial assistance such as incentives, and social
support groups could all be helpful in the long run. Future research could focus on
periodic longitudinal evaluation of occupational variations in risk factors in addition to
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smoking in order to monitor and address such risks effectively and to ensure a robust
workforce.
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CHAPTER 4 : HARDCORE SMOKERS IN THE UNITED STATES: SOCIO-DEMOGRAPHIC,
ENVIRONMENTAL AND SMOKING RELATED CHARACTERISTICS

ABSTRACT
Background: Little is known about what characteristics distinguish hardcore smokers
from other smokers. Our aim was to examine whether hardcore smokers have certain
socio-demographic, environmental and smoking related characteristics that are unique
to them.
Methods: We used data from 7 cycles of the Tobacco Use Supplement to the Current
Population Surveys between 1992-93 and 2010-2011 (n= 361,742). Hardcore smokers
were defined as current daily smokers who were at least 26 years old, had at least 5
years daily smoking history, smoked at least 15 cigarettes per day, who had neither
made a quit attempt in the past 12 months nor had any intention to quit in the next 6
months. They were distinguished from other current smokers who were at least 26
years of age but did not meet one or more of the other defining criteria for hardcore
smokers. Multivariate logistic regression was used to examine the factors determining
the probability of being a hardcore smoker versus other smoker, adjusting for important
socio-demographic, environmental and smoking-related factors.
Results: 24.33% in sample were hardcore smokers. Older age, non-Hispanic White
race/ethnicity, male gender, lower educational attainment, non “professional”
occupation, being divorced or separated, lower age of initiation, receiving doctors
advise to quit, absence of home or workplace restriction, and residing in a region other
than the Northeast US were associated with higher odds of being hardcore smoker
(p<0.05 for all variables).
Conclusion: The future direction of tobacco control interventions might have to be
shifted toward hardcore smokers who are resistant to such interventions. Special
attention needs to be paid to older white male smokers with lower education, nonprofessional occupation, with earlier age of initiation of smoking, and living in the
Northeast. A reallocation of tobacco control resources to provide individualized
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cessation assistance to hardcore smokers may be required to achieve the long-term
sustainable decrease in smoking prevalence.
Keywords: Hardcore Smokers, Smoking, Socio-demographic, Environmental

INTRODUCTION
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Cigarette smoking is attributed to one in five deaths in the United States each
year, causing more than 480,000 deaths annually, including deaths from secondhand
smoke.(US Department of Health and Human Services, 2014) Since the recognition of
harmful effects of cigarette smoking on health beginning in the 1950s, followed by the
1964 US Surgeon General report, there has been enormous progress made in reducing
the prevalence of smoking, from 42% in 1965 to about 14% in 2017.(Centers for Disease
Control, 2013; Phillips et al., 2017; Wang et al., 2018) Despite this remarkable decline in
smoking prevalence in response to tobacco control efforts, there still remains a
substantial portion of smokers, about 38 million that continue to smoke. Disregarding
those who are newly added to the pool of smokers, it is plausible to argue that there is a
group of individuals among current smokers, referred to as hardcore smokers, who are
fundamentally different in their ability to quit smoking as compared to those who did so
successfully.(Burns & Warner, 2003; Emery, Gilpin, Ake, Farkas, & Pierce, 2000)
Although there is a lack of agreement in terms of specific definition of hardcore
smokers, in general, they are defined as smokers who are unwilling and/or unable to
quit smoking and are likely to remain so.(Emery et al., 2000) Previous studies, even
though limited by their smaller sample sizes or liberal definition of hardcore smoking,
have found that hardcore smoking is associated with various socio-demographic,
environmental and smoking related factors, for example it has been reported that a
typical hardcore smoker is likely to be an older male, less educated with lower income,
highly dependent on nicotine, and disapproving of smoking regulations.(Augustson, Erik
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M., Barzani, Finney Rutten, & Marcus, 2008a; Augustson, E. & Marcus, 2004; Clare,
Bradford, Courtney, Martire, & Mattick, 2014; Emery et al., 2000; Jarvis, Wardle, Waller,
& Owen, 2003) As the smoking prevalence decreases, albeit slowly, this group of
smokers who are most unlikely to quit are likely to make up a larger proportion of
smokers with the greatest risk of developing tobacco-related diseases.(Augustson, Erik
M. et al., 2008a) The sustained presence of a group of hardcore smokers among current
smokers is very likely to determine the direction and impact of future tobacco control
policies. Therefore, it is important to understand what characteristics distinguish
hardcore smokers from other smokers in order to modify or design tobacco control
policies that could specifically target this group. Although research continues to assess
the prevalence and characteristics of current smokers in general (Drope et al., 2018;
Phillips et al., 2017; Wang et al., 2018), such focus specifically on hardcore smokers is
lacking. The aim of this research was to examine the socio-demographic, environmental
and smoking related characteristics that distinguish hardcore smokers from other
smokers.
MATERIALS AND METHODS:
Data
We used data from 7 cycles of the Tobacco Use Supplement to the Current
Population Surveys (TUS-CPS), administered in 1992-93, 1995-1996, 1998-1999, 20012002, 2003, 2006-2007 and 2010-2011. The year 2000 data cycle did not include the
questions about number of years smoked daily, number of cigarettes smoked per day,
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past quit attempt, or intention to quit and so it was excluded. Conducted by the US
Bureau of Census, the CPS is a monthly, national, household and intervieweradministered survey administered in all 50 states. The CPS primarily serves as the source
of official government statistics on employment for the noninstitutionalized civilian
population aged 15 years or older (18 and older since 2007) in the United States.(US
Department of Commerce, Census Bureau, 2014)
The CPS sample is a multistage stratified sample of approximately 56,000
housing units from 792 sample areas. The CPS samples housing units from lists of
addresses obtained from the 1990 Decennial Census of Population and Housing for the
pre-2000 surveys and the 2000 Census for the surveys since then. These lists are
updated continuously for new housing built after the most recent census. The first stage
of sampling involves dividing the United States into primary sampling units (PSUs) —
most of which comprise a metropolitan area, a large county, or a group of smaller
counties. Every PSU falls within the boundary of a state. The PSUs are then grouped into
strata. The strata are constructed so that they are as homogeneous as possible with
respect to labor force and other social and economic characteristics. One PSU is
sampled in each stratum. The probability of selection for each PSU in the stratum is
proportional to its population as of the most recent census. In the second stage of
sampling, a sample of housing units within the sample PSUs is drawn.
Beginning in 1992, the National Cancer Institute (NCI) has sponsored TUS-CPS
(also co-sponsored by the CDC since 2002) every 2-3 years to measure a variety of
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smoking-related topics. The TUS-CPS is a key source of national, state, and sub-state
level data from U.S. households regarding smoking, use of tobacco products, and
tobacco-related norms, attitudes, and policies. Each cycle of the TUS-CPS provides data
on a nationally representative sample of about 240,000 civilian, non-institutionalized
individuals, most of whom (about 180,000) are self-respondents.(US Department of
Commerce, Census Bureau, 2014) About 64% of respondents complete the TUS-CPS by
telephone and the remaining in person. On average, the response rates for the TUS-CPS
since its beginning in 1992 have consistently been more than 75%.(U.S. Department of
Commerce - U.S. Census Bureau, 2015)
Analysis was restricted to current smokers (daily and occasional smokers) who
are 26 years of age or older. 26 years of age as a cut-off is used in hardcore smoking
studies because the smokers who are younger are still believed to be in the process of
uptake of the smoking habit and not at a stage to be classified as hardcore.(Augustson,
Erik M. et al., 2008a; Augustson, E. & Marcus, 2004; Emery et al., 2000) The analysis
sample size of eligible respondents using the seven cycles of TUS-CPS from 1992-93 to
2010-11, was 326,557.
Measurement of Hardcore Smoking and Other Smoking
Respondents in TUS are asked about their lifetime smoking history as well as
current smoking habits. Based on answers to these questions, we identified those who
report having smoked at least 100 cigarettes in their lifetime and currently smoking at
least on some days as “smokers”.
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Hardcore smokers were defined as smokers who (a) were at least 26 years old,
(b) were daily smokers, (c) had at least 5 year daily smoking history (i.e. ever smoked
every day for at least 5 years, not counting time off from cigarettes for longer than 6
months), (d) smoked at least 15 cigarettes per day, (e) reported not having made a quit
attempt in the past 12 months, and (f) reported no intention to quit in the next 6
months. Other smokers were defined as all other current smokers, including daily and
occasional smokers, who were at least 26 years of age but who did not meet the other
defining criteria for hardcore smokers.
Measurement of Socio-Demographic Variables
Age was used as a continuous variable. Based on two separate questions about
the race and Hispanic origin of the respondents, race/ethnicity was categorized as: NonHispanic White, Non-Hispanic Black, Hispanic, Non-Hispanic American Indian/Alaskan
Native, Non-Hispanic Asian/Hawaiian/Pacific Islander and other. Education was
categorized as less than high school, High school diploma and some college, and
bachelors or higher degree. Based on the questions about employment status and
occupational categories, the occupation variable was categorized as professional,
service, sales, farming, construction, production, unemployed and not in labor force
(retired, students, or disabled). Poverty status was calculated as the ratio of family
income to the poverty threshold for a given family size for each of the survey years and
categorized as ≤ 100%, >100% and ≤200%, >200% and ≤300%, >300% and “no income
information”, for those whose income information is not available. (US Census Bureau,
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2014)Marital status was categorized as married, widowed, divorced/separated, and
never married. Gender will also be used as a covariate.
Measurement of Smoking-related Variables
Respondents were asked “How old were you when you first started smoking
cigarettes regularly?” to compute a continuous ‘age of initiation’ variable. Total number
of years smoked and Cigarettes smoked per day were used as continuous variables
based on the question about smoking history. Based on questions about the use of
cigar, pipe and smokeless tobacco, a binary ‘other tobacco products use’ variable was
created. Two separate variables were created to assess whether or not the respondent
have been advised to quit smoking by their doctor or if they have received advice to quit
from their dentist.
Measurement of Environmental Variables
Workplace smoking restrictions were measured based on the questions about
workplace official policies restricting smoking in work areas and in public areas at the
workplace. The responses to these two questions ranged from “smoking is allowed in all
areas, smoking is allowed in some areas…, to smoking is not allowed anywhere or there
is no smoking policy at work”. Based on the responses, two categorical variables of
‘workplace smoking policy work area’ and ‘workplace smoking policy public area’ were
created indicating the presence/absence of smoking restrictions and how strong the
restrictions were (Strong, somewhat strong, no restrictions). Similarly, based on a
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question about smoking restrictions at home, a categorical ‘home smoking rules’
variable was created which distinguished between no restrictions, some restrictions or
complete restriction on smoking at home. Region of residence was categorized into
Northwest, Midwest, South, and West.
Analysis
Pooled data from all 7 cycles of TUS-CPS was used for analyses. Stata was used
for all statistical analysis.(StataCorp, 2014) Descriptive statistics for all the variables
were computed. We first examined the bivariate association of each of the sociodemographic, environmental and smoking-related factors with hardcore smoking and
other smoking based on standard contingency table analyses, using chi-square test for
categorical variables and t-test for continuous variables. The distribution of covariates
across hardcore smokers and other smokers and statistical differences between them
were examined. Multivariate logistic regression was used to examine the association of
socio-demographic, environmental and smoking-related factors with hardcore smoking
and to test which of these factors determined the probability of being a hardcore
smoker versus other smoker. The adjusted odds ratios and 95% confidence intervals of
being a hardcore smoker as opposed to other smoker were reported. To account for the
complex sampling design of TUS-CPS survey, we used sample weights with the ‘svy’
(survey command) in Stata for point estimates. We adjusted the weights by multiplying
the original weight in a given survey to the ratio of the sample size for that survey and
the sum of samples sizes of all 7 surveys. (Korn & Graubard, 2011)
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Due to the multi-stage nature of the sampling design, standard errors in the
logistic regression analyses needed to be adjusted. Such adjustment requires
information on the primary sampling units (PSUs) for each observation in the dataset.
Since the TUS-CPS does not provide this information, bootstrapping with 10,000
replications was used to estimate standard errors. Bootstrapping is a statistical
technique that helps estimate the sampling distribution for a statistic by using multiple
resampling with replacements and this sampling distribution is then used for estimating
standard errors and confidence intervals for that statistic.(Haukoos & Lewis, 2005)
In all our analyses, the observations with missing information for any of the
important covariates used in the study were excluded from the analyses. TUS-CPS had
two major sources of missing data, noninterview households and item
nonresponse.(The United States Census Bureau, 2013) The noninterview household
data loss is compensated by distributing the weights of noninterview households among
interview households. Item nonresponse is quite uncommon in TUS-CPS and is mostly
limited to missing income data.(The US Census Bureau, 2014) The item nonresponse is
handled by TUS-CPS using one of the three imputation methods, relational imputation,
longitudinal edits, or hot deck allocation. In relational imputation, the missing value is
inferred from other characteristics on the person’s record or within the household. In
case of longitudinal edits, if a question is blank and the individual is in the second or
later month’s interview, the last month’s data is looked at to determine whether there
was an entry for that item. If yes, that month’s entry is assigned otherwise, the item is
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assigned a value using hot deck imputation method. This method assigns a missing value
from a record with similar characteristics, which is the hot deck defined by variables
such as age, race, and sex.

RESULTS:
As shown in Table 1, 24.33% in sample were hardcore smokers and 75.67% were
non-hardcore current smokers. The majority in the sample (78.19%) and majority of
hardcore smokers (27.82%) were Non-Hispanic Whites. Similarly, males constituted
majority of the respondents (52.68%) as well as hardcore smokers (26.62%). In bivariate
analysis all covariates were found to be significantly (p<0.05) associated with hardcore
smoking except family income, number of years smoked, cigarettes per day, and dentist
advice to quit. Even though these four covariates were not significantly associated with
hardcore smoking in bivariate analysis, family income, number of years smoked, and
cigarettes per day were still included in the adjusted analysis as these are known as
important correlates of smoking.

Table 1: Weighted Sample characteristics and percent hardcore smokers (n=326,557)
Covariates
Age
36-40 years
41-55 years
55 years and above
Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic

Total in Sample
Mean or %

Hardcore Smokers
Mean or %

39.92%
37.74%
22.34%

17.26%
22.82%
23.86%

78.19%
11.85%
6.82%

27.82%
9.67%
10.88%

p-value*
<0.001

<0.001

65

Other
Sex
Male
Female
Education
Less than High school
High school diploma and some College
Bachelor or higher degree
Occupation
Professional
Service
Sales
Farming/Construction/Production
Unemployed
Not in the labor force
Family Income
< $ 25,000
$25,000-$49,999
$50,000-$74,999
$75,000+
Marital Status
Married
Widowed
Divorced/separated
Never Married
Age of Initiation
Below Mean
Above Mean
Number of Years Smoked
Below Mean
Above Mean
Cigarettes per Day
Below Mean
Above Mean
Use of Other Tobacco Products
Yes
No
Doctor Advise to Quit
Yes
No
Dentist Advise to Quit
Yes
No
Workplace Smoking Restriction
Yes
No
Home Smoking Restriction

3.14%

15.99%

52.68%
47.32%

26.62%
22.29%

21.72%
66.22%
12.06%

26.06%
24.88%
18.62%

<0.001

<0.001

<0.001
32.75%
9.19%
23.52%
1.77%
4.98%
27.78%

21.70%
24.47%
29.21%
27.51%
20.67%
24.40%

42.73%
34.76%
14.45%
8.06%

23.82%
25.46%
23.87%
23.57%

57.59%
5.72%
21.82%
14.88%

25.39%
23.59%
25.53%
18.42%

0.055

<0.001

<0.001
50.21%
49.79%

25.27%
16.20%
<0.000

19.91%
21.56%

41.83%
58.17%

6.75%
30.71%

13.33%
86.67%

10.88%
89.12%

28.80%
23.81%

37.48%
62.52%

29.98%
22.75%

10.01%
89.99%

26.24%
24.68%

83.10%
16.90%

23.11%
28.32%

<0.001

<0.001

<0.001

0.112

<0.001

<0.001
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Yes
No
Geographic Region
Northeast
Midwest
South
West

15.31%
84.69%

13.65%
26.44%
<0.001

18.87%
25.19%
37.21%
18.72%

21.96%
26.41%
25.62%
21.41%

*p-values pertain to the chi-squared for the association between the outcome variable and each
predictor. Continuous variables such as Age, Cigarettes per day are categorized for ease of understanding
and consistency in table 1.

Table 2 illustrates the results of adjusted analyses. In adjusted analysis increased
age, non-Hispanic White race/ethnicity, male gender, lower educational attainment,
non “professional” occupation, being divorced or separated, lower age of initiation,
receiving doctors advice to quit, absence of home or workplace restriction, and living in
part of the US except northeast were significantly associated with higher odds of being
hardcore smoker (all p<0.05). Those who were older had higher odds of being a
hardcore smoker than those who were younger (OR:1.02 CI:1.01-1.10). Every race
ethnicity group had lower odds of being a hardcore smoker than Non-Hispanic Whites
with odd being the lowest among Non-Hispanic Blacks (OR: 0.26 CI: 0.20-0.33). Males
were more likely to be hardcore smokers than females (OR: 1.21 CI: 1.10-1.28). Those
with less than high school level education had higher odds of being a hardcore smoker
as compared to those with educational attainment. All occupational categories had
higher odds of being a hardcore smoker as compared to any other occupational
category. Family income was not associated with the probability of being a hardcore
smoker (p=0.65). Those who were divorced or separated had higher odds of being
hardcore smokers as compared to those who were married (OR: 1.08 CI:1.02-1.15).
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Those with higher age of initiation had lower odds (OR: 0.92 CI: 0.82,0.97) of being a
hardcore smoker as compared to those who initiated smoking at an early age, so did
those who smoked more cigarettes per day (OR: 1.10 CI:1.02,1.18). Those who received
an advice to quit from their doctor (OR: 1.27 CI:1.21-1.33) had higher odds of being a
hardcore smoker as compared to those who did not receive such advice. Furthermore,
those with smoking restrictions at home (OR: 0.38 CI: 0.35-0.48) or work (OR: 0.89
CI:0.83-0.95) had lower probability of being a hardcore smoker as compared to those
who did not have such restrictions. Finally, those living in the Northeastern United
States had the lowest odds of being a hardcore smoker as compared to those living
elsewhere.
Table 2: Adjusted* odds ratios and 95% Confidence Intervals of hardcore smoking (n=326,557)
Covariates

Age
Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
Sex
Female
Male
Education
Less than High school
High school diploma and some College
Bachelor or higher degree
Occupation
Professional
Service
Sales
Farming/Construction/Production
Unemployed
Not in the labor force

Adjusted OR of
Hardcore Smoking
(95%CI)
1.02 (1.01, 1.10)

p-value

<0.001
<0.001

Ref
0.26 (0.20,0.33)
0.28 (0.21,0.39]
0.49 (0.44,0.59)
<0.001
Ref
1.21% (1.10, 1.28)
<0.001
Ref
0.89 (0.82,0 .97)
0.66 (0.59, 0.74)
0.004
Ref
1.09 (1.01, 1.17)
1.11 (1.04, 1.19)
1.07 (0.98, 1.16)
1.08 (1.01,2.07)
1.08(1.01,1.21)
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Family Income
< $ 25,000
$25,000-$49,999
$50,000-$74,999
$75,000+
Marital Status
Married
Widowed
Divorced/separated
Never Married
Age of Initiation
Cigarettes per Day
Use of Other Tobacco Products
No
Yes
Doctor Advise to Quit
No
Yes
Workplace Smoking Restriction
No
Yes
Home Smoking Restriction
No
Yes
Geographic Region
Northeast
Midwest
South
West

0.658
Ref
1.00 (0.86,1.85)
1.00 (0.92,1.09)
0.95 (0.86,1.05)
0.001
Ref
0.86 (0.73,1.01)
1.08 (1.02,1.15)
0.96 (0.88,1.04)
0.92 (0.82,0.97)
1.10(1.09,1.10)

<0.001
<0.001
0.721

Ref
0.98 (0.91,1.06)
<0.001
Ref
1.27 (1.21,1.33)
0.001
Ref
0.89 (0.83,0.95)
<0.001
Ref
0.38 (0.35, 0.48)
<0.001
Ref
1.25 (1.16,1.35)
1.47 (1.38, 1.61)
1.17 (1.08,1.28)

DISCUSSION
The aim of this research was to examine the socio-demographic, environmental
and smoking related characteristics of hardcore smokers that make them a unique
group of smokers. We found that increased age, non-Hispanic White race/ethnicity,
male gender, lower educational attainment, non “professional” occupation, being
divorced or separated, lower age of initiation, receiving doctors advice to quit, absence
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of home or workplace restriction, and living in part of the US except northeast were
significantly associated with being a hardcore smoker.
Our finding that hardcore smokers are more likely to be male, working in nonprofessional occupations or being unemployed/not in labor force, and have lower
education was consistent with previous findings.(Augustson, Erik M., Barzani, Finney
Rutten, & Marcus, 2008b; Augustson, E. & Marcus, 2004; Clare et al., 2014; MacIntosh &
Coleman, 2006) It has been known that those from lower socio-economic status(SES)
experience significant disparities when it comes to smoking and its effect. They are
known to have higher rates of smoking, have lower age of initiation, and they are less
likely to attempt or succeed in quitting as compared to those from higher
socioeconomic status. (Clare et al., 2014; Siahpush & Borland, 2001; Siahpush, Spittal, &
Singh, 2007) Therefore it was not surprising that we found higher probability of
hardcore smoking among those with lower education, earlier age of initiation and nonprofessional occupations. It is likely that as the prevalence of smokers decreases, the
proportion of hardcore smokers will probably decline more among those from higher
SES as compared to those from lower SES (Clare et al., 2014), continuing the burden of
health disparities for this group of population.
Our finding that those who received advice to quit from their doctors were more
likely to be hardcore smokers is in accordance with the characteristic of hardcore
smokers to be resistant to the idea of smoking cessation.(MacIntosh & Coleman, 2006)
Another plausible explanation for this finding could be that they are also more likely to
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receive advice to quit because they are hardcore smokers. However, we did find that
those with home or worksite smoking restrictions had less odds of being hardcore
smokers than those without such restrictions. This finding might reinforce the
effectiveness of such policies which are known to help reduce the prevalence and/or
amount of smoking. (Gao, Zheng, Gao, Chapman, & Fu, 2011; Zablocki et al., 2014) An
important finding when considering hardcore smoking was that being Non-Hispanic
White was associated with higher odds of being a hardcore smoker than other racialethnic groups. This finding was consistent with previous findings (Darville & Hahn, 2014)
however it needs to be studied in further detail as in general the prevalence of smoking
is found to be higher among minority population than the majority population.
An important limitation in this study is related mainly to the lack of consensus on
a definition of hardcore smoking in the scientific community. In some studies, the
definition of hardcore smoking in terms of nicotine dependence utilizes the time to first
cigarette (TTFC) as the measure while others have used cigarettes per day (CPD).(Costa
et al., 2010) We used CPD as the measure which is more commonly used in hardcore
smoking studies than TTFC. Another issue with the definition is that some studies have
advocated using “never attempted to quit” as the measure of quitting efficacy when it
comes to defining hardcore smokers.(Augustson, Erik M. et al., 2008a) Utilizing ‘no
history of quit attempt ever’ might be too restrictive in defining hardcore smoking so
this analysis we used ‘no quit attempt in the past 12 months’ as the defining measure. A
majority of hardcore smoking studies have utilized ‘past twelve months’ quit attempt in
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their definitions.(Costa et al., 2010) Our definition also includes ‘intention to quit in the
next 6 months’ when defining hardcore smokers whereas some studies have used ‘no
intention to quit’ as part of the definition.(Jarvis et al., 2003) It is important to note that
intent to quit in the next 6 months has been used as a valid measure in many smoking
cessation studies.(Hughes, Keely, Fagerstrom, & Callas, 2005; Siahpush, McNeill,
Borland, & Fong, 2006)
Despite these limitations, this study provides important insights into some
unique characteristics of hardcore smokers. It brings forth the specific subgroups of
smoking population that need special attention when it comes to decreasing smoking
prevalence. Despite the success of current comprehensive tobacco control policies, the
future direction of tobacco control efforts might have to be shifted toward smokers who
are resistant to these interventions. The emphasis of current tobacco control
interventions is on prevention aspect rather than treatment and combined with the
likely devotion of efforts toward emerging tobacco products, tobacco control resources
will need to be balanced delicately in order to achieve the desired goals. Harm
reduction seems to be a very important strategy for the hardcore smoking population.
As more definitive evidence becomes available, the emerging potentially reduced
exposure products (PREP) such as e-cigarettes might have to be considered as a viable
individualized option. A reallocation of tobacco control resources, from current focus on
changing social norms and implementing changes to public policy to a more
individualized cessation assistance, is required to achieve the long term sustainable
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decrease in smoking prevalence to help reduce the tremendous burden of tobacco
related morbidity and mortality.
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CHAPTER 5 : DISCUSSION
The purpose of this research was to examine three important aspects of the
smoking phenomenon that are, and will remain, important for the future of tobacco
control research and policy. First and currently one of the most debated and researched
topics in the tobacco research field relates to the group of products regarded by some
as the potentially reduced exposure products (PREPs), the face of which today is
electronic cigarettes. We studied determinants of use of these products. Second aspect
was to examine the socioeconomic subgroup of smokers based on their occupations
who might potentially benefit from the use of PREPs and the third stage involved
studying the smoking-behavior related subgroup of highly dependent hardcore smokers
who might be the prime candidates for potential harm reduction through the use of
PREPs.
Examining the determinants of the use of PREPs we found that younger age,
lower education, higher nicotine addiction, and having an intention to quit were
associated with higher likelihood of the use of PREPs. The likelihood of using these
products was found to be higher among respondents who were unemployed or had
non-professional occupations. Smokers living in the Midwest, South or West, were
found to have a greater likelihood of the use of PREPs than those living in the Northeast.
Our study focusing on occupational variations in smoking prevalence found that the
highest adjusted prevalence of smoking was in healthcare support occupations. The
lowest prevalence of current smoking was among those in life, physical & social science
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occupations. Finally, when we assessed the group of smokers who are known to be
unable or unwilling to quit smoking, we found that older age, non-Hispanic, male
gender, lower educational attainment, non “professional” occupation, being divorced or
separated, lower age of initiation, receiving doctors advise to quit, absence of home or
workplace restriction, and residing in a region other than the Northeast US were all
associated with higher odds of being a hardcore smoker.
Consistent with previous findings we found that socio-economic status (SES) is a
significant predictor of smoking behavior.(Hill, Amos, Clifford, & Platt, 2013; Hiscock,
Bauld, Amos, Fidler, & Munafò, 2012) There is plenty of evidence highlighting the higher
smoking rates, higher nicotine dependence, lower quit attempts and quit success rates
among lower SES groups as compared to those from higher SES groups.(Hiscock et al.,
2012; Siahpush, Mohammad & Carlin, 2006; Siahpush, M., Spittal, & Singh, 2007) In this
research we found that those from lower-socioeconomic groups were more likely to
have used PREP’s and more likely to be hardcore smokers. Among known indicators of
SES such as employment, income and education, we found that occupation was a
common theme in predicting smoking behavior across this research study. Those from
non-professional occupations like healthcare support were more likely to be current
smokers, more likely to use PREP’s and more likely to be hardcore smokers as compared
to those in professional occupations such as management, business, architecture etc.
Such occupational variations are commonly attributed to factors such as race,
education, workplace smoking policies, job strain, financial stress and job hazards.(Arif &
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Rohrer, 2005; Landsbergis et al., 1998; Shavers, Lawrence, Fagan, & Gibson, 2005;
Sorensen, 2001) Our findings suggest that even though programs and policies that
mitigate these factors have been researched and implemented for some time now, the
health risk disparities associated with SES indicators such as occupation, still continue.
As these smokers continue to smoke, it is not surprising that the rate of decline
of smoking prevalence has become more or less stagnant. Most notably, after the rapid
reduction in smoking prevalence from 42.4% in 1965 to about 15.5% in 2011 (Centers
for Disease Control, 2013; Phillips, E. et al., 2017), there are still about 38 million who
continue to smoke in the United States. It is plausible to say that these smokers from
low SES groups, for example the ones who are unemployed or those from nonprofessional occupations, remain unable or unwilling to quit, (Burns & Warner, 2003;
Emery, Gilpin, Ake, Farkas, & Pierce, 2000) and probably play a major role in the
stagnation of smoking prevalence decline by becoming hardcore smokers.
A popular concept in relation to such hardcore smokers is the ‘hardening
hypotheses’ which suggests that over time, as smoking prevalence decreases those who
are less nicotine dependent and find it easier to quit do so, leaving behind these
hardcore smokers who are resistant to quit and continue to smoke.(Clare, Bradford,
Courtney, Martire, & Mattick, 2014; Docherty & McNeill, 2012) There is in fact some
evidence for hardening hypothesis with some studies finding increase in the number of
hardcore smokers accompanying a decrease in overall smoking prevalence over
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time.(Fagerström & Furberg, 2008; Hughes, John R. & Burns, 2003; Lund, Lund, &
Kvaavik, 2011; von Soest & Pedersen, 2014; Warner & Burns, 2003)
The smokers who are disadvantaged by SES factors and those who we identified
as hardcore smokers seem to share an important characteristic; they are more resistant
to tobacco control interventions (Institute of Medicine, 2007) as compared to others so
they continue to smoke while others are able to quit. It is known that in general,
interventions such as pricing policies and smoke-free air laws are effective in smokers
who are not hardcore or disadvantaged. These interventions have been identified as
important and effective at both ends along the tobacco use spectrum, reducing
initiation as well as promoting cessation.(Bauer, Hyland, Li, Steger, & Cummings, 2005;
Chaloupka, Frank J. & Johnston, 2007; Fichtenberg & Glantz, 2002; General, 2006;
Giovino, 2007; Hackshaw, McEwen, West, & Bauld, 2010) These interventions not only
result in a decrease in the number of users and reduced cigarette consumption among
continuing users,(Chaloupka, F. J., Yurekli, & Fong, 2012; Fichtenberg & Glantz, 2002;
Siahpush, Mohammad, Wakefield, Spittal, Durkin, & Scollo, 2009) intervention like
smoke-free air laws are also known to be effective in reducing exposure to second-hand
smoke (SHS) while reducing social acceptability of smoking.(Thrasher, Boado, Sebrie, &
Bianco, 2009) However, while pricing policy is known to be most effective among low
socio-economic status (SES) disadvantaged smokers, the effect of smoke-free air laws on
smoking has been found to be larger among smokers from the higher SES
groups.(Chaloupka, F. J. et al., 2012; Nagelhout, Willemsen, & de Vries, 2011; Siahpush,
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Mohammad et al., 2009) With hardcore smokers more likely to be disadvantaged, all
these facts make it essential to explore additional avenues of intervention, one of which
is the concept of harm reduction.
One of the harm reduction strategies recently being suggested is the use of
potentially less harmful nicotine products based on the same concept as PREPs.
Although most of the PREPs initially launched in the 1990s are no longer available in the
market or have been found to be not as “safe” as claimed by the manufacturers
(Eissenberg, 2006; Hughes, J. R., Hecht, Carmella, Murphy, & Callas, 2004), they were
definitely able to bring the concept of harm reduction into focus and eventually led to
the introduction of newer “heat not burn” nicotine products such as electronic
cigarettes. Although the safety or efficacy of PREPs in terms of harm reduction
alternative was known to be exaggerated by manufacturers, (Pederson & Nelson, 2007)
based on current findings the newer potentially reduced toxicity products such as ecigarettes could certainly be considered as a viable harm reduction option for those who
continue to smoke. (Cahn & Siegel, 2011)
One of the interesting findings in our research is that while the probability of
current smoking and hardcore smoking is higher among lower SES group of smokers,
they are also more likely to have tried PREPs. Therefore, it is plausible to imagine that
this group of smokers might be open to the use of the newer nicotine products which
are potentially much less harmful than tobacco cigarettes. For example, despite the
controversy surrounding their benefits versus harms, e-cigarettes have been found to
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contain significantly lesser levels of carcinogens and toxicants as compared to tobacco
cigarettes. (Barbeau, Burda, & Siegel, 2013; Goniewicz et al., 2014; Hecht et al., 2014;
Oh & Kacker, 2014) On the one hand, these products are regarded by some as
detrimental to tobacco control efforts in terms of recruiting newer generation of
smokers through increased uptake of their use among adolescents and youth who could
take up smoking. (Miech, Patrick, O'Malley, & Johnston, 2017; Schneider & Diehl, 2015)
On the other hand, they have also been found to reduce toxicant exposure, reduce
cigarette consumption as much as or more than nicotine replacement therapy and even
aid in smoking cessation. (Cahn & Siegel, 2011; McRobbie, Bullen, Hartmann‐Boyce, &
Hajek, 2014; Polosa et al., 2011; Polosa, Rodu, Caponnetto, Maglia, & Raciti, 2013)
It is important to note that since the data used in this research became available
and were analyzed for the publications that are part of this dissertation, there have
been newer research studies that have used more recent data and have updated the
knowledge base. For example, laboratory analysis of “heat not burn” tobacco products
has found that the levels of major carcinogens were indeed less compared to the
conventional cigarettes.(Mallock et al., 2018; Phillips, B. W. et al., 2018; St Helen, Jacob
Iii, Nardone, & Benowitz, 2018) Moreover, recent studies have found that the users of
currently available reduced exposure products are more likely to be younger nonHispanic white males who are current smokers. (Sharapova, Singh, Agaku, Kennedy, &
King, 2018; Vansickel & Eissenberg, 2012). A recent study has also found that the use of
currently available reduced exposure products has been associated with higher
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likelihood of quitting as well as reduced consumption.(Berry et al., 2019) These findings
do support the plausibility of use of harm reduction as a strategy among those who are
predisposed to be smokers as suggested in our research. Similarly, recent examinations
of occupational variations in smoking have also confirmed our finding that blue-collar
workers are more like to be smokers as compared to white-collar workers.(Kelsall,
Fernando, Gwini, & Sim, 2018; Siahpush, M. et al., 2018) One study has also found that
among healthcare professionals, those with higher levels of education such as doctors
had lower rates and negative attitudes and beliefs about smoking as compared to those
with lower educational attainments.(Juranić et al., 2017) Finally, one of the recent
studies examining smokers who are highly nicotine dependent found results consistent
with our findings on hardcore smokers, they had lower income, were unemployed or in
blue-collar occupations. (Chen, Machiorlatti, Krebs, & Muscat, 2019)
In conclusion, among smokers who are unable or unwilling to quit due to socioeconomic, demographic, environmental or behavioral reasons, harm reduction through
products that reduce their exposure to toxic and carcinogenic agents is probably the
only and the most promising alternative. There is no better alternative to quitting
smoking and there is “no” level of exposure to tobacco smoke that is safe, however for
smokers who cannot and will not quit there is no other option than to suffer the harmful
effects of continued smoking. These smokers are not likely to adapt alternative sources
of nicotine such as pharmaceutical nicotine products but given non-combustible
potentially reduced exposure products that mimic the smoking behavior ritual, they are
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likely to at least reduce the harm associated with smoking. The traditional forms of
tobacco control interventions and policies have helped reducing the smoking prevalence
significantly but we do need to acknowledge that for the “end game” of tobacco use
epidemic, we will have to go above and beyond taxation, pharmacological therapy,
smoke-free policies. Allowing disadvantaged groups to continue to smoke after failure
of all traditional means is morally and ethically inappropriate, especially when we can
provide alternative products that would not only reduce harm to their health but could
also potentially help them quit smoking. The most important challenge is to provide
such products to those who need it, disadvantaged and/or hardcore smokers, and
prevent other vulnerable groups like non-smoker adolescents and youth from getting
addicted to nicotine through use of such products that could eventually lead them to
becoming the next generation of smokers.
Future research should focus on producing definitive evidence regarding the
safety and efficacy of emerging potentially reduced exposure products for tobacco harm
reduction and as smoking cessation aids using robust research approaches such as
randomized control trials. Empirical evidence is also needed to establish the longitudinal
association between use of these products by never smokers and their subsequent
uptake of smoking so that effective prevention policies could be designed accordingly.
Periodic and continued evaluation of smoking prevalence across different indicators of
SES such as occupation should also be undertaken in order to monitor those subgroups
that consistently display higher smoking rates so that policies and programs targeted at
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this population could be undertaken. Additionally, longitudinal studies need to be
undertaken to test the hardening hypothesis. If a subgroup of smokers is indeed
becoming and remaining highly nicotine dependent even as the overall prevalence of
smoking is going down, individualized prevention and treatment options will be
necessary if we desire to achieve a tobacco free society.
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